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THE WEATHER OF THE GREAT TILLAMOOK, OREG., FIRE OF AUGUST 1933 
By CHARLES I. DAGUE 

[Fire-Weather Serviw, Weather Bureau, Portland, Oreg.] 

(Graphic presentation prepared by William 0. Morris, junior forester, Pacific Northwest Forest Experiment Station) 

One of the largest and most devastating forest fires 
ever known in Oregon, now referred to as the ((Great 
Tillamook Fire", occurred in the northwestern part of 
the State the latter part of August 1933, st,arting on the 
14th and reaching its climax on t,he 26th. According t,o 
Lynn F. Cronemiller, Oregon State forester, the Tilla- 
niook fire will go down in history as one of the greatest in 
the United Stat,es from blie stsandpoint of timber loss and it 
undoubtedly was t,he greatest forest, fire ever fought in the 
Northwest. Low relative humidities, fresh to strong 
easterly winds, and high t,emperatures were responsible 
for this huge fire which started from a tiny spark caused 
by the friction of one. log being dragged across anot1ie.r 
on an active logging operation a t  a time when wen ther 
conditions were just right for a blow-up. Although the 
logging crew on the operation where the fire started made 
immediate efforts to extinguish the flames, the fire never- 
theless was soon out of control, crowned through nearby 
timber and raced up the hillside. In  fact, the crew was 
getting ready to quit for the day on acc.ount of t'he bad 
fire-weat,lier conditions when the fire broke out ; a number 
of t8he crew were already on their way to canip. Esti- 
mat,es by t,he Pa.cific Nort,hwest Forest Experiment Sta- 
tion place the burned over area a t  261,610 acres, of which 
185,038 acres represent virgin timber lands, 54,955 ac.res 
second growt'h, and t,he reriiainder old burns and cut-over 
la,nds. The experiment station estimates t81mt 10,96S,- 
819,000 board feet of standing timber was burned or 
damaged. 

Another large fire, the Wolf Creek fire, sta.rted about 
4 p.m. on August 24 in 300 acres of 3-year slashings about 
10 miles north of where the Tillnmook fire started on 
August 14. By midnight of the 25th) this fire had run a 
distance of 11 niiles from where it started. Change of 
wind direction on the nfhernoon of t,he 26t)h from easterly 
to westerly caused the fire to reverse its direction of travel, 
burning back over it,self and burning up a large logging 
camp that had previously been saved. The Wolf Creek 
fire burned over an area of 43,115 acres, of which 26,000 
acres represent virgin timber lands of the finest type, 7,000 
acres of timber 1a.nds with trees about 20 inches in dinm- 
eter, and the rest old burns and cut-over lands.. The 
Pacific Northwest Forest Experiment Station estiniat,es 
the fire Billed nearly 1,500,000,000 board feet of timber. 
This was a large forest fire, but in great measure was lost 
sight of a t  the time by the public in general because of. 
the major proportions assumed by the Tillamook fire. 

The low relative humidities, fresh to strong easterly 
winds and high temperatures result from the slow pro- 
gressive eastward movement of high-pressure areas over 
the northern plateau and Rocky Mountain regions. As 
these high-pressure areas move east and southemtward, 
the normally low-pressure trough over the interior of 
California of the summer months usually builds north- 
ward over the western portions of Oregon a.nd Wnshing- 
ton into British Columbia and Alaska., dso off the adjaceilt 
coasts, bringing about a steeper barometric gradient t,o 
increase the strength of these easterly winds a t  such times 
over the Pacific Northwest. The,se are the pressure con- 
ditions blint, prevailed during the bad fire-weather periods 
of August 10 to 16, and August 21 to 26. Pressure gradi- 
ents were somewhat weaker, however, during the first 

period than during the second when the worst fire-weather 
conditions prevailed. The center of high pressure also 
moved in farther south over Western Canada during the 
second period than during the first, particularly on August 
25 and 26, when the worst fire-weather conditions pre- 
vailed and the fire made its largest run and did its greatest 
damage. 

Since this rrrticle IS dealing with weather and its relnt8ion 
to the great Tillariiook fire, cliscussion IS being confined 
lnrgely to the weather which prevailed at  the time over 
nort liwestern Oregon, particularly over t8he northern 
Coast Range where the fire occurred. Figure 1 is a map 
of northwestern Oregon showing the locfition of the fire, 
where it started, the approsinlate mea burned over and 
the fire-weather stations nearest the scene of the fire. 
This map ~ l s o  shows the location of the Wolf Creek fire, 
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Flcr RE 1.-Northwestern Oregon-location of fire, where it started, area covered, and 
nearest fire-weather stations. 

where it started and its proportional size as compared 
witBh t8he much larger Tillamook fire. 

Eelative humidities were generally low, 35 perceat 
and lower, from August 10 to 16 a t  the lower interior 
stat,ions, but for a soniewhat longer time a t  the higher 
levels on the ridges. They were low again from August 
21 to  36, this latter period producing lower humidities of 
longer clurnt'ion and being by far the worst of the tuo 
periods. As regards relative humidity, the worst fire- 
weather days were as follows: 

(a) Coast stations, ranging in elevation from 40 to 80 feet: Low 
humidities on August 14, 21-22, and 25, extending well into the 
night of the 25-26th. There was considerable recovery of relative 
humidity near the coast on the 23d, 24th, and 26th. (See fig. 3.) 

(b) Valley stations, ranging in elevation from 70 to 750 feet: 
Low humidities on the 10th to 16th, the worst fire-weather con- 
ditions prevailing on the 14th and 15th. Huiiiidities low again 
from the 21st to the 26th, the worst days being the 25th ant1 26th, 
not only for this critical period but also for the whole time the fire 
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was active. Relative humidities were quite low in the daytime 
but  made considerable or complete recovery at night. (See fig. 3.) 

(c) High ridge stations, ranging in elevation from 1,140 t o  3,153 
feet: Humidities generally low from the 10th t o  the 17th, and again 
from the 21st to  the 26th. Humidities quite low all night of t.he 
1.4-15th, the 22-23d and the 25-26th. Highest relative humidity 
at Mount Hebo lookout during the entire period of the 31st to  the 
26th was 50 percent. Highest relative humidities the night of the 
25-26th were as follows: Mount Hebo lookout, 26 percent; Cochran 
(C. H. Wheeler Camp No. 9), 31 percent; Tidewater Timber Co., 
33 percent; and Black Rock Camp (Willamette Valley Lumber 
Co.), 39 percent. (See fig. 3). 

(d )  Lower Columbia River: Low relative humidities prevailed on 
the  12th, 14th, 21st, and 32d, and 25th and 26th. 

(e) Columbia River Gorge: Lorn relative humidities prevailed on 
the 15th and 16th, and again from the 21st to  t.he 26th, the worst 

coast stations again on the 25th) continuing low well into 
the ensuing night; however, they were not nearly so low 
as on the 31st and 22d. 

Table 1 shows the departure of daily lowest relat,ive 
humidity of 2-hour duration from the mean for gugust 
at  the fire-w-eather stations nearest the Tillamook fire 
during the whole period the fire was most active. I n  
general, the departures were more estrenie at  the high 
ridge stations, also at  the coast stations on the uorst 
days, t8han at the valley stations. Large departures, 
however, were experienced at  all stations in the two 
periods when the fire spread most rapidly. The most 
extreme departures were at  the coast’ stations on the 14th) 
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FIGURE 2.-0:30 am., August 20-26,1933 pilot-balloon mm, Swan Island, Portland, Oreg. 

days. being the 25th and 26th. Scarcely any recovery of relative 
humidity on August 24 although there was. some decided recovery 
at many of the  valley and high ridge stations on this date. 

Relative humidities were quite low at the valley sta- 
tions in the daytime during these critical periods, but 
were high and made complete or alniost complete recovery 
a t  night. They niade nuch less recovery at night at the 
higher ridge stations, and little or none at  all on the 
dates when the fire spread rapidly, or “blew up ” entirely. 
Relative humidities were quite low- at  coast stsations only 
on the 21st and 22d, Relative bumiclities were low a t  

31st, and 22dl and at  ralley and high ridge stations on 
the 14th) 15th, 2 2 4  25th1 and 26th. The relative 
humidities were above the averrlge, in pneral, during the 
period of August 17 to 20, when the fire was quiet and 
spread very slowly. The total number of hours the 
relative humidity was 35 percent, and lower, a t  each 
station for each of the two periods, is also given in this 
table. 

The low relative humidities of these two critical fire- 
weather periods, as in all critical fire-weather periods of 
western Oregon, are largely the result of winds from the 
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north and east with force considerably above normal. 
The normal prevailing wind direction during tlie fire- 
weather season in the northern Coast Range is from 
north and northwest with a relative humidity that is 
nornially high at  night and moderately high in 6he day- 
time. Easterly winds are of only occasional occurrence 
during the summer months over the northern Coast 
Range but, coming from warmer, cont,inental areas, are 
warm, dry, desicc,at,ing winds that result in critical fire- 
weather periods wit.li low relat,ive humidities. The 
great,er tlie force of these east'erly winds, and the longer 
their durat,ion, the greater the fire hazard bec.omes in the 
timbered areas. 

Norbherly winds, with an easterly component in the 
morning, prevailed over the northern Coast Range from 
the 10th to the 16th, except on t,he 15th when the wind 
was from the east both night and day. Easterly winds 
prevailed almost continuously from early in the morning 
of the 21st unt,il t8he evening of the 26th. Most, of the 
time in these two periods, and particularly in the latter, 
wind velocities were generally fresh to strong in force 
(19 t,o 3s mi les  an hour), probably of gale force (39 to 
54 miles an hour) at  times, up to elevat,ions of about 5,000 
feet, above which level t,hey usually diminished in force 
for some distance in elevation before increasing in velocit,y 
again. Figure 2 is here presented to show this tendency 
of t,he wind, being a graphical presentsation of t,he daily 
9:30 a.m. pilot balloon runs taken at  Swan Island Airport, 
Port,land, Oreg., from August, 20 to 26 and showing the 
wind direction and velocit,y in miles per hour from t,he 
si1rfac.e to an elevat'ion of 14,000 feet. The Columbia 
River Gorge is largely responsible for t,he increase in 
velocity of these east,erlp winds from the surface t.0 an 
elevat,ion of approximately 5,000 feet, above which 1eve.l 
the ve,locity decreases materially. The Gorge ack as a 
funnel through the Cnscade Range through which t'he 
easterly winds a t  such times are poured with imreased 
force over t8he extreme northwest counties of Oregon 
where t,he fire occurred. Wind velocit,ies nornially 
increase in f0rc.e with increase in elevat,ion above the 
surface of the earth. Wind velocities were highest on 
the 14th, 15th, Zlst, 22d, 25th, and 26t'h, being berrific 
the latter 3 days when the fire spread niost rapidly ancl 
did t,he niost damage. 

Table 2 shows the highest wind, in miles per hour, 
recorded daily at  a number of stations in northwestern 
Oregon. The locatmion of each stabion with reference to 
the fire is shown on figure 1. North Head is near t,he 
mouth of the Columbia Rive.r on the Washington side. 
Baker Point, Mount Hebo, and Prairie Mountain are 
forest fire patrol lookouts in the northern Coast Range. 
Port,land is in t8he northern end of the Willa.mett,e. Valley 
south of the Columbia River. Highland Butte and 
Green Pet'er are associat,ion lookouts on or near the 
wesbern slope of t,he Cascade Range while Mount Wilson 
is a Forest Se,rvice lookout on t.he sunimit of the Cascade 
Range about 20 miles south of Mount Hood. Crown 
Point is an airways station at  the mouth of the Columbia 
River Gorge. With the escept,ion of three hours after 
midnight a t  Crown Point, wind velocity records are com- 
plete for each hour a t  North Head, Portland, Mount 
Wilson, and Crown Point from midnight to midnight, 
while the records at  each of the other stations are only 
during the daytime as indicated. Re,cords at  Crown 
Point also show the wind was from the east from 5 a.m. 
to 2 p.m. on the 15th, from 5 a.m. on the 21st to 1 p.m. 
on t.he 23d, and from 8 p.m. on the 24th to 10 p.m. on 
the 26t.h, also that the wind was gusty from 5 a.m. to 
1 p.m. on the 25th and again from 10 a.m. to 5 p.m. on 

wa1-a 

the 26th. The prevailing winds through the Columbia 
River Gorge are normally from t,he west. 

Figure 3 is a graphical represent,a.tion of wind velocity 
and direction at  t,he t,wo wind recording stations nearest, 
the fire during the time it wm most fictive. The locatsion 
of these stations with reference t.0 the fire is shown on 
figure 1. The legend thereon explains the graphs. Ar- 
rows representing the wind directmion for each observat,ion 
a.re shown along the top of each graph, m d  fly with the 
wind. Dots represent,ing t,he wind velocity for each 
observation are shown near the bottom of each graph, 
and are connect,ed up wit,li solid lines t>o show t,he daily 
taend. Legends showing when t,he fire started, the days 
on which it spread more rapidly or more slowly, or not at  
all, and the final "blow-up" when the greatest damage 
was done, have also h e n  placed along the bottom of 
figure 3. On close inspec.tion of t'he humidit,y, wind 
direction and ve1ocit.y it is readily seen the fire spread 
most rapidly and did it,s grmtest damage when relative 
humidit,ies were quite low coincident with the occur- 
rence of fresh to strong east,erly winds. 

Periods of wind with considerable force, such as oc,curred 
during the time t)liis fire was most active, are not of 
unusual occurrence in the Coast) Range. Their most 
frequent direc t,ions, however, are from westerly sources 
wit,li relat,ive humidities high or moderat,ely high so tha t 
serious conflagrations do not, then oc,c.ur. 

Temperature is not so vibal a factor in critical fire- 
weat,lier pe.riocls as relative liuniiclity and wind, being 
important only in its action on the re.lative humidity. 
The periods of low rdative humidity are usually coincident 
with the periods of higher teniperat,ure. Temperatures 
were above normal from the 7th to  the 18th, considerably 
above from the 10th to  the 16th and decidedly above from 
the 13th to the 15t8h. Temperatures at  Portland for 
t,hese periods averaged 6' and 9' above normal, respec- 
tively, for the first two periods, and were lo', 1l0, and 17' 
above normal, respectively, on the 13th, 14th, and 15th. 
The maximum tempe.rature a t  Portla.nd on the 15th was 
lo?', being 4' higher than tlie former high record for 
the month. Temperatures were above normal again 
from the 21st to the 26th, ave.raging 8' above a t  Portland 
and being 10' above the 22nd, 25th ancl 26t,h, and 12' 
above on the 23d. Some ot,lier high temperature records 
were also established for t,he month a t  other west,ern 
Oregon stations on the 15th. 

The average monthly precipitation of western Oregon 
for August was 0.63 inch, a departure of -0.15 inch 
from the normal. Good rains were general over the 
State on the 3d and 4th. Light scattered rains occurred 
over the northern part of the State on the 19th, and good 
general rains over the western portmion on the 29th and 
30th. 

Since the specid fie-weather service of the United 
States Weather Bureau was started in Oregon and the 
Pacific Northwest late in the 1924 season, there have been 
four outstanding critical fire periods in western Oregon. 
The first of these periods occurred September 3 to 16, 
1929, the second April 18 to 28, 1931, the third October 
3 to 10, 1932, and the fourth that of the past season in 
August, from the 21st to the 26th. Similar meteorologi- 
cal factors-low relative humidities, fresh to strong 
easterly winds and high temperatures-were responsible 
for each of these hazardous periods. The first and third 
periods followed protracted dry spells and resulted in big 
forest fire losses. The second period was the most severe 
of all, as humidities were quite low and of long duration, 
and winds were of considerably greater intensity than in 
the other periods. Forest fire losses were low, however, 
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as i t  followed immediately upon t'he heels of heavy rains 
and snows through March and April until its inception. 
Considerable standing timber was blown down in the 
northern Cascade Range and the forests of the State were 
littered with broken twigs and other debris, creating n 

humidities are also consistently of longer duration at  the 
higher levels than a t  the lower levels at these times, 
because air circulates more freely and there is less range 
in temperature at night a t  the higher levels on the ridges 
than a t  the lower levels in the valleys. 

s =  
30 

$ 25 
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FIGURE 3.--Wind velocities and directions at stations nearest lire. 

high potential fire hazard throughout the ensuing season. 
The fourth period and its attending results have already 
been discussed previously in this article. Winds increase 
normally in veloc.ity with increasing dtitmude, but the 
highest winds in each of these critical periods were in the 
lower atmospheric levels up to 5,000 feet. Low relative 

Other historic forest fires have occurred in western 
Oregon and the Pacific Northwest in the past, concerning 
whic.h little is known aside from tbeir location and size. 
There is little doubt in the mind of the writer, however, 
that the same meteorological factors, a coinbination of 
low relative humidities, easterly winds and high tempera- 
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+3 -11 
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-7 -9 

tures, so vital in the propngation of the Tillamook fire, 
were also big factors in the spread of these other large 
fires. Then, too, there were no organized agencies in 
those days for the prevention and suppression of forest 
fires, so it is likely they became inuch larger than would 
be possible under the efficient present-day methods for 
prevention and suppression. The weather in the northern 
Coast Range from August 21 to 26, particularly on the 
25th and 2Gth, when the grenlest damage was done in 
the Tillamook fire, was extremely bad and most likely 
as bad as any that had ever previously esisted. Escept 
for this one bad fire and the Wolf Creek f ie ,  the protec- 
tive organizations of Oregon and the Pacific Northwest 
enjoyed one of the best seasons in the history of organized 
protection in 1933. 
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TABLE 1.-Highest daily wind velocity recorded at certain stations 
i n  northwestern Oregon during the 9 critical fire-weather periods 
in  August 19% 

25th 

-36 
-34 

-27 
-!26 
-19 
-25 
-19 

-3 
-22 
-26 
-33 
-17 
-35 
-7 

North Head, Wash.1 ____._. 
Baker Point .._....._._. ..... 
Mount Hebo ._....._..._.... 
Prairie Mountain. __._._.... 
Portland I __.._._._._._._.... 
Highland Butte ___._........ 
Green Peter _..._._._._..._.. 
Mount Wilson 8 _._._._...... 
Crown Point 3 _.__.__........ 

26th 27th 

--- 

-29 +16 
-33 +26 

_--.-.-_________ 
-E +24 
-!26 +lS 
-18 +25 
-3 +23 
-20 +6 

-28 +24 
-20 +23 
-27 +15 
-37 +z 
-19 +11 
-27 -1 
-8 -19 

2a 27 26 26 22 20 17 
12 17 20 15 23 16 6 
11 14 24 20 20 14 10 
12 13 24 18 1‘3 5 10 
11 13 15 15 13 11 9 
6 8 8 12 10 15 6 

10 13 13 17 7 13 10 
16 20 21 20 19 23 I9 
8 10 8 8 9 24 8 

14th 

-27 
-26 
-28 
-19 
-17 
-18 
-8 
+3 

-3 
-22 
-17 
-35 
-19 
-30 
-21 

-17 
-12 

I Maximum wind during day, midnight to midnieht. lor period of 5 minutes. 
9 Highest average hourly velocity for day, midnight to midinight. 

15th 

_- 

-17 
-22 
-31 
-25 
-3 
-17 
-15 
-23 

-23 
-23 
-25 
-32 
-11 
-33 
-3 

-5 
-5 

3 5 a.m. to 1 a.m. 
Records at  other sations are for daytime only, ranging from 6 or 7 a m. to 7 or 8 p.m. 

HIGB RIDQE STATIONS 

Tidewater Tbr. Co ______.___.__..._._____ 
C. H.  Wheeler ___________.__...___.-..---- 
Brix Logping Co ____.._._..._.____._______ 
Mount Heho Lookout ___..___._._.___.___ 
Black Rock Camp ______._._._____________ 
Green Peter Lookout _.__....____________. 
Mount Wilson Lookout _._____________._. 

Nehalem __._____._______...______________ 
Hebo _..__.......________.-----.-.--.-.--- 

COAST STATIONS 

TABLE 2.-Departure of daily loioest relatioe humidities of 2-hour duration from the mean for  Aiigust at the $re-weather stations nearest the 
Tillamook fire during the period the $re was most actiive in  dugitst 19SS, also number of hoiirs the relatioe humidity uias beloiil35 percent for 
each of the 2 periods at each station 
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DGICAL ELEMENTS IN RELATION 
TO CALIFORNIA FOREST-FIRE PROBLEMS 

By LE6LIE G. GRAY 
[Weather Bureau OfUce. San Francisco, Calif., June 19341 

Weather is a very important factor in the starting 
and spreading of forest fires (1) (2) (3). Each weather 
element affects fire behavior in diflerent ways of vnqring 
importance. At  present, the forester takes advantage of 
short-period daily, clay-to-day, and seasonal weather 
changes in cnrrying on his work of fire prevetitiou and 
suppression, and is further aided by short-range forecasts 
by meteorologists. However, the forester is handi- 
capped in planning a long-period forest protection policy, 
budgets, and administration by lack of foreknowledge 
of long-period weather sequences-ignorance as to what 
to expect from trends of given types nnd to what extent 
long-period fluctuations in specific weather factors have 
affected or will affect his fire problems. The purpose of 
this paper is to present in a preliminary way the facts 
obtained by an estensire compilation of California 
data, and to note tho inferences drnwn by various 
students of weather sequences, expressed in terms of the 
forester’s fire problem. It should be emphasized here 
that this discussion deals with recorded dnta, and indi- 
cates furture prospects only t o  the extent that we may 

justifiably assume that the “before” and “after” 
pictures will be the snme or similar. 

The various weather factors are expressed as mean 
values for the State of California, using for each item a 
homogeneous body of data from selected stations. For 
comparison purposes, other hydrological and related data, 
mostly from other than Weather Bureau sources, are used 
as supporting evidence. The principal graphical method 
used for presenting the data is that of accumulated de- 
partures from normal or average, or residual mass curves, 
the computation and meaning of which are explained by 
Barnes (4) and Marvin ( 5 ) .  Briefly, accumulated depar- 
tures are well adapted for showing secular sequences, 
trends, or changes without distortion of the actual data. 
The method accomplishes natural smoothing without 
obscuring the real values. Where the graph shows a rise, 
values have been above average; where it shows a fall, 
values have been below average; and where it is horizontal, 
values have been exactly average. E. H. Bowie visualizes 
accumulated departures as representing a sort of bank 
account between the State of California and nature. 


